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DEPARTMENT  OF  THE  ARMY 
ST.  LOUIS  DISTRICT,  CORPS  OF  ENGINEERS 
210  NORTH  1 2TH  STREET 
ST.  LOUIS,  MISSOURI  63101 


SUBJECT :  Dam  C-23  Phase  I  Inspection  Report 


This  report  presents  the  results  of  field  inspection  and 
evaluation  of  Dam  C-23.  It  was  prepared  under  the  National 
Program  of  Inspection  of  Non- federal  Dams, 
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For 

The  Governor  of  Missouri 


December,  1978 


PHASE  I  REPORT 


NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam:  Dam  C-23 

State  Located:  Missouri 

County  Located:  Lafayette  County 

Stream:  Unnamed  Tributary  to  Missouri  River 

Date  of  Inspection:  2  August  1978 


Dam  C-23  was  inspected  by  an  interdisciplinary  team  of 
engineers  from  Anderson  Engineering,  Inc.  of  Springfield, 
Missouri  and  Hanson  Engineers,  Inc.  of  Springfield,  Illi¬ 
nois.  The  purpose  of  the  inspection  was  to  make  an  assess¬ 
ment  of  the  general  condition  of  the  dam  with  respect  to 
safety,  based  upon  available  data  and  visual  inspection,  in 
order  to  determine  if  the  dam  poses  hazards  to  human  life  or 
property. 

The  guidelines  used  in  the  assessment  were  furnished  by 
the  Department  of  the  Army,  Office  of  the  Chief  of  Engineers 
and  they  have  been  developed  with  the  help  of  several 
Federal  and  State  agencies,  professional  engineering  organi¬ 
zations,  and  private  engineers.  Based  on  these  guidelines, 
this  dam  has  been  classified  by  the  St.  Louis  District  Corps 
of  Engineers  as  an  intermediate  size  dam  with  a  high  down¬ 
stream  hazard  potential  Their  estimate  of  the  damage  zone 
extends  4  miles  downstream  of  the  dam.  Lafayette  County  Dam 
C-22  is  about  1/2  mile  downstream  of  Dam  C-23.  If  Dam  C-23 
should  fail,  then  Dam  C-22  also  would  likely  fail.  Within 
the  damage  zone  are  three  houses,  (two  of  which  have  associated 
farm  buildings),  one  unimproved  road  crossing,  one  railroad 
bridge  and  one  U.S.  Highway  Bridge. 

Our  inspection  and  evaluation  indicates  that  the 
combined  spillways  do  not  meet  the  criteria  set  forth  in  the 
guidelines  for  a  dam  having  the  above  size  and  hazard 
potential.  The  combined  spillways  will  pass  54  percent  of 
the  Probable  Maximum  Flood  without  overtopping.  The  Probable 
Maximum  Flood  (PMF)  is  defined  as  the  flood  discharge  that  may 
he  expected  from  the  most  severe  combination  of  critical 
meteorological  and  hydrologic  conditions  that  are  reasonably 
possible  in  the  region.  The  guidelines  require  that  a  dam 
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of  intermediate  size  with  a  high  downstream  hazard  potential 
pass  100  percent  of  the  PMF.  The  combined  spillways  will  pass 
the  100-year  flood,  without  overtopping. 

The  embankment  and  appurtenances  are  generally  in  good 
condition.  Minor  deficiencies,  including  erosion,  tree 
growth  and  animal  burrows,  were  noted  and  should  be  cor¬ 
rected  by  the  owner.  It  was  noted  that  the  lake  has  never 
filled  and  suggestions  were  made  for  further  investigation 
of  under- seepage  potential  and  possible  associated  dangers 
in  this  regard.  Another  deficiency  was  the  lack  of  seepage 
analysis  data.  A  detailed  report  is  attached  to  be  sub¬ 
mitted  to  the  owners  and  to  the  Governor  of  Missouri. 
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I'ROJLCT  INFORMATION 


1.1  ChNLRAL: 

A.  Authority : 

The  National  Dam  Inspection  Act,  Public  Law  92-567, 
authorized  the  Secretary  of  the  Army,  through  the  Corps  of 
engineers,  to  initiate  a  program  of  safety  inspection  of 
dams  throughout  the  United  States.  Pursuant  to  the  above, 
the  St.  Louis  District,  Corps  of  engineers.  District  engi¬ 
neer  directed  that  a  safety  inspection  of  Dam  C-23  in 
Lafayette  County,  Missouri  be  made. 

B.  Purpose  of  Inspection : 

Tiie  purpose  of  the  inspection  was  to  make  an  assessment 
of  the  general  condition  of  the  dam  with  respect  to  safety, 
based  upon  available  data  and  a  visual  inspection,  in  order 
to  determine  if  the  dam  poses  hazards  to  human  life  or 
property . 

C.  evaluation  Criteria : 

Criteria  used  to  evaluate  the  dam  were  furnished  by  the 
Department  of  the  Army,  Office  of  the  Chief  of  engineers, 
"Recommended  Guidelines  For  Safety  Inspection  of  Dams.” 

These  guidelines  were  developed  with  the  help  of  several 
federal  agencies  and  many  state  agencies,  professional 
engineering  organizations,  and  private  engineers. 

1.2  ueSCRIPTJON  OF  PROJFCT: 


A.  Description  of  Dam  and  Appurtenances  : 

Dam  C-23  is  an  earth  fill  structure  approximately  50 
ft  high  and  500  ft  long  at  the  crest.  The  appurtenant 
works  consist  of  a  concrete  drop  inlet  and  reinforced  con¬ 
crete  pipe  primary  spillway,  which  is  located  near  the 
center  of  the  dam,  and  a  grass  covered  emergency  spillway, 
which  is  located  at  the  north  abutment.  Sheet  3  of  Ap¬ 
pendix  A  shows  a  plan  of  the  embankment  and  spillways  and  a 
typical  section  of  the  embankment. 

B.  Location: 


The  dam  is  located  in  the  northwest  part  of  Lafayette 
County,  Missouri  on  a  small  tributary  of  the  Missouri 
River.  The  dam  and  lake  are  within  the  Bates  City,  Missouri 
quadrangle  sheet,  1  1/2  miles  west  and  1/2  mile  south 
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of  Wellington  (SK  1/4  Section  20,  Twp.  15  N,  R  28 
W-latitude  50°  7.4';  longitude  94°  1.4').  Sheet  1  of 
Appendix  A  shows  the  general  vicinity  and  location  of  the 
dam.  Sheet  2  shows  a  plan  of  the  immediate  area  of  the  dam 
and  lake. 

C.  Size  Classification: 

With  an  embankment  height  of  50  ft  and  a  maximum 
storage  capacity  of  approximately  232  acre-ft,  the  dam  is 
in  the  intermediate  size  category. 

D.  Hazard  Classification: 

The  St.  Louis  District,  Corps  of  engineers  has  clas¬ 
sified  this  dam  as  a  high  hazard  dam.  Their  estimate  of  the 
damage  zone  extends  4  miles  downstream  of  the  dam. 

Lafayette  County  Dam  C-22  is  about  1/2  mile  downstream  of 
Dam  C-23.  If  Dam  C-23  should  fail,  then  Dam  C-22. would 
likely  fail.  Also  within  the  damage  zone  are  three  houses 
(two  of  which  have  associated  farm  buildings),  one  unimproved 
road  crossing,  one  railroad  bridge  and  one  U.S.  Highway 
Bridge. 

h .  Ownership: 

The  dam  was  designed  by  the  Soil  Conservation  Service 
(SCS)  but  the  property  upon  which  the  dam  and  lake  are 
located  is  retained  by  t. lie  property  owner  or  owners.  These 
owners  granted  an  easement  to  the  Well ington -Napolean  Water¬ 
shed  Subdistrict  to  construct,  operate,  and  maintain  this 
structure.  The  subdistrict  is  the  owner  and  is  responsible 
for  the  structure.  The  address  of  the  subdistrict  is  120 
West  19th  Street,  Hi gginsv i 1  le  ,  Missouri  04037.  The  As- 
Built  plans  indicate  the  primary  owners  to  be  Omcr  and  Lrna 
Rorgman.  The  tenant  who  provided  access  to  the  dam  is  Mr. 
Bohall . 

F.  Purpose  of  Dam : 

The  purpose  of  the  PL-560  watershed  program  is  to  pro¬ 
vide  watershed  protection  and  flood  prevention.  The  purpose 
of  these  structures  is  for  grade  stabilization  with  flood 
water  retarding  features.  These  lakes  may  be  stocked  with 
fish  but  not  by  the  Soil  Conservation  Service.  They  may  he 
stocked  with  fish  from  the  Federal  and  State  Fisheries  in 
cooperation  with  individual  landowners. 
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G. 


Design  and  Constructio n  History : 


The  dam  was  designed  by  the  Soil  Conservation  Service 
and  constructed  under  their  inspection  supervision  (.in¬ 
spection  handled  by  the  lligginsville  District  Office).  The 
dam  was  completed  in  1970.  As-Built  plans  are  available  and 
have  been  used  to  prepare  this  report.  No  significant 
problems  in  regards  to  seepage  through  or  stability  of 
the  embankment  are  reported  to  have  occurred  since  the  dam 
was  built.  According  to  SCS  district  pesonnel,  no  modi¬ 
fications  have  been  made  to  the  dam. 

H.  Normal  Operating  Procedure: 

Normal  flows  will  be  passed  by  an  uncontrolled  drop 
inlet  spillway,  whereas  a  grassed  emergency  spillway  would 
come  into  operation  for  major  floods.  Local  SCS  personnel 
have  indicated  that  the  lake  has  never  filled  so  that 
neither  the  primary  spillway  nor  the  emergency  spillway  have 
been  in  service  (sec  Section  7. 2. A  of  this  report). 

1.3  PLRTINLNT  DATA : 

Pertinent  data  about  the  dam,  appurtenant  works,  and 
reservoir  are  presented  in  the  following  paragraphs.  Sheet 
3  of  Appendix  A  is  a  plan  of  the  embankment  and  spillways 
with  a  typical  cross  section  of  the  dam.  Sheet  4  presents  a 
plan  and  profile  of  t he  primary  spillway.  Sheet  S  presents 
a  profile  and  cross  section  of  the  foundation  drainage 
system. 


A_. _ Drainage  Ar c a  : 

The  drainage  area  for  this  dam,  as  obtained  from  the 
Bates  City,  Missouri  and  Camden,  Missouri  7.5  minutes  quad 
sheets,  is  equal  to  approximately  146  acres. 


B.  hlevations  (feet  Above  M.S.L.) : 

(1)  Top  of  dam  (measured):  north  end  785.2;  center  785.8; 
south  end  782. 8 ■ 

Top  of  Dam  (As-Built  Plans):  north  end  782.7; 
center  784.5;  south  end  782. 5 . 

(2)  Principal  Spillway  Crest:  As-Built  Plans  777.0; 
measured  776.5. 

(5)  emergency  Spillway  Crest:  As-Built  Plans  779.5; 
measured  779.6. 


(4) 

(5) 

(6) 
17) 

(8) 

(9) 

CD 

12) 

Cl) 


Primary  Spillway  Outlet  Pipe  invert:  As-Built 
Plans  740.0;  measured  759.9. 

Maximum  Design  Pool  (As  Built  Plans) :  781.7. 

Pool  on  Date  of  Inspection:  measured  761.7. 

Apparent  High  Water  Mark  on  Date  of  Inspection: 
measured  766.0. 

Streambed  at  Downstream  Toe  of  Dam:  As-Built 
Plans  736.5;  measured  756.6. 

Maximum  Tailwater:  Unknown. 


C.  Discharge  at  Dam  Site: 

All  discharge  at  the  dam  site  is  through  uncontrolled 
spillways. 


hstimated  Discharge  Capacity  at  Top  of  Dam  (LI.  782.8) 
527  cfs. 


IK _ Reservoir  Surface  Areas  : 

At  Principal  Spillway  Crest:  As  Built  Plans 
11.8  acres. 


(2)  At  Top  of  Dam  (11.  782.3):  17  acres.  hxtrapolated 

from  table  on  As-Built  Plans  (see  Sheet  10  of  Ap¬ 
pendix  B)  . 

IK  Storage  Ca pa  cities  : 

(1)  At  Principal  Spillway  Crest:  148  acre-ft. 

(2)  At  Top  of  Dam  (hi.  782.8):  232  acre-ft.  (Sec  Sheet  7 

of  Appendix  C.) 


F.  Reservoir  I, engt! is  : 

(1)  At  Principal  Spillway  Crest  (hstimated  from  As-Built 
Plans):  1750  ft. 


(2)  At  Top  of  Dam  (hstimated  from  As-Built  Plans): 
1900  ft. 


G. 


Dam : 


(1)  Type:  rolled  earth. 

(2)  Length  at  Crest:  500  f  t . 

(3)  Height:  50  ft. 

(4)  Top  Width:  14  ft. 

(5)  Side  Slopes:  2.5  Ii:  1  V. 

(6)  Zoning:  homogeneous  silts  and  clays. 

(7)  Cutoff:  shallow  core  trench. 

II.  Principal  Spillway: 

(1)  Location:  center  of  dam--Station  5+65. 

(2)  Type:  2  ft  by  (>  ft  drop  inlet  concrete  structure  (crest 
LI.  776.3;  12  ft  in  length)  with  a  24  in.  diameter 
reinforced  concrete  outlet  pipe  through  the  dam. 

The  outlet  pipe  is  184  ft  long  and  is  supported  on 
a  type  A3  cradle,  with  4  concrete  antisccp  collars. 

The  pipe  inlet  invert  is  at  LI.  751.0  and  the  outlet 
invert  is  at  LI.  740.0  (sec  Sheet  4  of  Append i x  A). 

No  stilling  basin  is  provided  at  the  end  of  the  primary 
spillway  outlet  pipe;  a  plunge  pool  is  expected  to  be 
created . 

I.  Lmergency  Spillway: 

(1)  Location:  north  abutment. 

(2)  Type:  grass  covered  earth  with  20  ft  crest  length  and 
3  II:  1  V  side  slopes. 
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SUCTION 


ENGINEERING  DATA 


2.1  GENERAL: 

Available  design  computations  and  reports  for  Dam  C-23 
include  a  geology  and  soils  report  which  contains  soils 
testing  information  for  the  foundation  and  borrow  materials 
(includes  soil  classifications,  grain  size  analyses,  shear 
strength  tests,  consolidation  tests  and  permeability  tests). 
Based  on  this  information,  design  recommendations  were  made 
regarding  site  preparation,  foundation  drainage  and  embank¬ 
ment  configurations.  The  As-Built  plans  contain  a  summary 
of  the  hydrologic  and  hydraulic  design  data  used  for  the 
primary  and  emergency  spillways.  No  documentation  of 
construction  inspection  records  have  been  obtained.  There 
are  no  documented  maintenance  and  operation  data  to  our 
knowledge . 

2.2  DESIGN: 

A.  Surveys: 

The  As-Built  drawings  show  the  topography  of  the 
immediate  dam  site  area  (Sheets  2  and  3  of  Appendix  A).  A 
bench  mark  in  the  form  of  a  brass  cap  in  a  concrete  monument 
is  located  in  a  fence  corner  on  the  emergency  spillway  end 
of  the  dam,  approximately  50  ft  north  of  the  west  gate  (BM 
C-23  elevation  =  764.75). 

B.  Gcolo gy  and  Subsurface  Materials  : 

Phys iographically ,  the  site  is  located  in  the  Missouri 
River  loess  hills  area,  which  is  characterized  by  gently 
rolling  topography.  The  subsurface  materials  in  upland 
areas  generally  consist  of  in  excess  of  20  ft  of  loess 
underlain  by  a  Kansan  Age  glacial  till  material.  Geological 
maps  of  the  area  indicate  that  the  bedrock  is  the  Marmaton 
group  of  the  upper  Desmoinesian  series  of  the  Pennsylvanian 
system.  The  Marmaton  group  consists  of  a  sucession  of 
shale,  limestone,  clay  and  coal  beds. 

A  publication  entitled  "Evaluation  of  Missouri's  Coal 
Resources"  by  the  Missouri  Geological  Survey  indicates  that 
the  "Lexington  Coal  Bed"  was  mined  extensively  in  this  area. 
The  maps  associated  with  this  publication  indicate  that  the 
dam  site  lies  near  the  southern  boundary  of  the  undermining 
activity  and  that  the  coal  seam  mined  was  approximately  20 
in.  thick  in  the  area.  The  U.S.G.S.  quad  sheet  for  the  area 
(Camden,  Missouri,  1950)  indicates  an  inactive  mine  shaft 
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approximately  1  1/2  miles  northeast  of  the  dam  (see  Sheet  1 
of  Appendix  C)  .  The  Coal  Resources  publication  previously 
mentioned  indicates  that  the  depth  to  the  coal  seam  at  that 
location  is  approximately  32  ft  and  that  the  thickness  of 
the  seam  is  18  in.  If  the  coal  seam  is  horizontal,  then  it 
would  be  at  a  depth  of  approximately  70  ft  below  the  stream 
bed  at  the  center  of  the  dam  (coal  seam  at  elevation  660  to 
665)  . 

A  boring  plan  and  description  of  the  soils  encountered 
in  the  borings  (Sheets  15  and  16  of  the  As-Built  plans)  are 
presented  as  Sheets  1  and  2  of  Appendix  B.  Sheets  3,  4  and 
5  of  Appendix  B  present  a  description  of  the  surface  geology 
and  physiography,  and  interpretations  and  conclusions 
regarding  the  soils  encountered  in  the  boring  program  (from 
geology  and  soils  report  by  SCS) .  The  soils  encountered  in 
the  borings  are  generally  low  plasticity  clays  and  silts  to 
a  depth  of  approximately  50  ft  below  the  ground  surface. 

Dry  density  determinations  on  "core"  samples  were,  between 
1.2  g/cc  (74.9  pcf)  and  1.5  per  g/cc  (93.6  pcf)  and  esti¬ 
mated  "blow  counts"  were  between  5  and  10.  A  sand  material 
was  encountered  at  a  depth  of  approximately  30  ft  in  Borings 
3,  301  and  302  (top  of  sand  layer  at  elevation  710  to  730). 
The  maximum  penetration  of  the  borings  was  to  approximate 
elevation  700.  "Refusal"  was  encountered  in  borings  for  Dam 
A-21  (adjacent  watershed)  at  elevation  675  to  680  (possible 
elevation  of  bedrock  in  the  area) . 

C.  Foundation  and  limbankment  Design: 

Reference  should  be  made  to  Sheets  6  through  9  of 
Appendix  B  which  contain  a  summary  of  the  soil  test  data  and 
recommendations  for  the  foundation  and  embankment  design 
(from  geology  and  soils  report  by  SCS).  Because  of  the 
existance  of  sand  layers  and  the  possibility  of  boils 
occurring  in  the  plunge  pool  area,  a  foundation  drainage 
system  was  developed  (includes  a  drainage  trench  and  two 
vertical  drains  penetrating  to  elevation  708).  The  foun¬ 
dation  drainage  system  is  shown  on  Sheets  4  and  5  of  Ap¬ 
pendix  A  (from  As-Built  Plans).  A  shallow  core  trench 
apparently  was  constructed  at  the  base  of  the  dam  along  its 
entire  length. 

Borrow  material  for  the  dam  was  obtained  from  the 
reservoir  area  upstream  of  the  embankment.  Stability 
analyses  based  on  the  use  of  this  material  were  performed  by 
SCS.  It  was  recommended  that  the  embankment  materials  be 
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compacted  to  95  percent  of  the  maximum  dry  density  as 
obtained  by  the  Standard  Proctor  Compaction  Test  and  at  a 
moisture  content  wet  of  optimum.  There  is  apparently  no 
particular  zoning  of  the  embankment,  and  no  internal 
drainage  features  (except  for  the  previously  described 
foundation  drainage  system)  are  known  to  exist.  No  con¬ 
struction  inspection  test  results  have  been  obtained. 

D.  Hydrology  and  Hydraulics: 

Design  data,  storage  curves  and  routing  curves  for  the 
"emergency  spillway"  and  "freeboard"  hydrographs  are  pre¬ 
sented  on  Sheets  10  through  12  of  Appendix  B  (from  As-Built 
plans  by  SCS) .  Based  on  this  data,  a  field  check  of  spill¬ 
way  dimensions  and  embankment  elevations,  and  a  check  of  the 
drainage  area  on  U.S.G.S.  quad  sheets,  a  hydrologic  analysis 
using  U.S.  Army  Corps  of  engineers  guidelines  was  performed 
and  appears  in  Appendix  C,  Sheets  1  to  7.  It  was  concluded 
that  the  primary  and  emergency  spillways  comb ined.  wi 1 1  pass 
54  percent  of  the  Probable  Maximum  flood. 

11.  Structure : 

Structural  design  computations  for  apurtenant  struc¬ 
tures  were  not  obtained.  Details  of  all  concrete  structural 
elements  (riser  structure,  etc.)  are  shown  on  the  As-Built 
plans . 

2.5  CONSTRUCTION : 

No  construction  inspection  data  has  been  obtained. 
Construction  supervision  was  accomplished  by  the  Soil  Con¬ 
servation  Service  district  local  office  in  Iligginsville , 
Missouri . 

2.4  OPLRAT I  (JN  AND  MA INTTNANCP. : 


On  this  structure,  there  is  an  operation  and  main¬ 
tenance  agreement  between  the  Soil  Conservation  Service  and 
the  We  1 1 ington-Napo 1  can  Watershed  Subdistrict.  The  opera¬ 
tion  and  maintenance  agreement  spells  out  the  operation  and 
maintenance  requirements  and  the  inspection  procedures. 

Regional  SCS  office  personnel  indicated  that  a  yearly  question¬ 
naire  is  sent  to  land  owners  inquiring  as  to  maintenance 
problems.  It  was  reported  that  inspection  stops  arc  made  on 
an  irregular  basis  by  SCS  district  personnel  (Iligginsville 
office)  . 


2.5  EVALUATION : 


The  available  engineering  data  did  include  slope  sta¬ 
bility  analyses  but  no  seepage  analyses,  although  seepage 
analyses  apparently  have  been  performed  (see  discussion  of 
uplift  on  Sheet  7  of  Appendix  B) .  The  owner  should  locate 
these  analyses  or  have  an  engineer  experienced  in  the  design 
of  dams  perform  detailed  seepage  analyses. 

The  engineering  data  available  were  inadequate  to  make 
a  detailed  assessment  of  the  design  and  particularly  the 
construction  of  the  dam.  No  valid  engineering  data  on  the 
construction  of  the  dam  were  found. 


SliCT  I  ON  3  -  VISUAL  INSPECTION 


3.1  GENERAL: 


The  field  inspection  was  made  on  2  August  1978.  The 
inspection  team  consisted  of  personnel  from  Anderson  Engineers, 
Inc.  cf  Springfield,  Missouri  and  lianson  Engineers,  Inc.  of 
Springfield,  Illinois.  The  team  members  were: 

Mike  Gray  -Anderson  Engineers 
(Instrument  Man) 

Steve  Brady  -  Anderson  Engineers 
(Civil  Engineer) 

Jack  llealy  -  Hanson  Engineers 

(Geotechnical  and  Structural  Engineer) 

Gene  h'crtcpny  -  Hanson  Engineers 

(Hydraulics  Engineer) 

Have  Daniels  -  Hanson  Engineers 

(Geotechnical  and  Hydraulics  Engineer) 


5 . 2  DAM : 

The  dam  is  an  earth  fill  embankment  constructed  from 
borrow  obtained  from  the  emergency  spillway  area  and  the 
reservoir  area  below  normal  pool.  Based  on  the  soil 
borings,  the  fill  material  would  be  expected  to  consist  of 
low  plasticity  clays  and  silts. 

The  embankment  is  grass  covered  and  appears  to  good 
condition.  A  few  one  to  two  year  old  trees  (willows  and 
cottonwoods)  were  growing  on  the  front  face  of  the  dam 
between  elevations  762  and  7o6.  No  sloughing  of  the 
embankment  or  seepage  through  or  under  the  embankment  was 
evident.  The  foundation  drain  outlet  was  dry.  There  was 
sonic  slight  erosion  at  the  downstream  embankment -abutment 
contacts  (more  pronounced  on  the  south  abutment).  Also, 
there  was  some  slight  erosion  on  the  upstream  face  of  the 
dam  below  the  primary  spillway  crest.  An  animal  burrow 
(shallow  hole  ±  3  ft  deep)  was  noted  on  the  outside  edge  of 
the  downstream  berm  60  ft  from  the  south  abutment. 
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The  horizontal  alignment  appeared  as  constructed.  No 
surface  cracking  or  unusual  movement  was  obvious.  It  should 
be  noted,  however,  that  elevations  of  the  primary  spillway 
crest  and  the  center  of  the  dam  which  were  obtained  in  the 
field  were  approximately  0.5  ft  lower  than  as  indicated  on 
the  As-Built  Plans  (see  Section  1.3.B  of  this  report).  All 
other  elevations  obtained  in  the  field  agreed  fairly  well 
with  those  indicated  on  the  As-Built  Plans.  The  descrepancy 
at  the  center  of  the  dam  might  be  explained  by  the  possibility 
of  some  post  construction  settlement  of  the  center  portion 
of  the  dam. 

No  instrumentation  (monuments,  piezometers,  etc.)  were 
observed. 

A.  Primary  Spillway  and  Outlet: 

The  riser  structure  was  in  good  condition- -no  cracking 
or  spalling  of  concrete  was  noted.  The  intake  structure  was 
surrounded  by  heavy  grass. 

The  outlet  pipe  of  the  primary  spillway  was  also  in 
good  condition.  There  was  a  very  small  flow  dripping  from 
the  outlet  pipe  which  could  indicate  some  possible  joint 
leakage.  As  mentioned  previously  the  pool  level  was  well 
below  the  crest  of  the  primary  spillway.  Joint  leakage 
could  be  associated  with  the  possible  embankment  settlement 
discussed  above.  There  is  no  energy  dissipator  at  the  end 
of  the  outlet  pipe;  a  plunge  pool  is  expected  to  be  created 
for  this  purpose. 

The  channel  downstream  of  the  outlet  pipe  was  grass  and 
weed  covered  for  the  first  50  ft.  Beyond  50  ft,  the  channel 
was  lined  with  trees  and  brush.  No  plunge  pool  has  been 
formed  indicating  that  the  primary  spillway  has  probably 
never  been  used.  The  downstream  channel  empties  into  a 
lower  lake  approximately  500  ft  downstream  of  the  outlet 
pipe.  There  is  a  small  check  dam  in  the  outlet  channel  at 
the  upstream  edge  of  the  lower  lake.  Water  in  the  outlet 
channel  was  not  flowing  and  was  stagnant.  No  significant 
erosion  or  sloughing  of  outlet  channel  slopes  was  noted. 

Along  the  last  portion  of  the  primary  spillway  outlet 
pipe,  there  is  a  b  in.  diameter  asbestos  cement  (pressure) 
pipe,  class  100,  which  is  the  outlet  of  the  foundation 
drainage  system.  The  pipe  has  a  length  of  00  ft  and  a  slope 
of  0.010.  It  is  shown  in  the  photographs  on  Sheet  1,  2  and 
4  of  Appendix  1)  and  in  Sheets  4  and  5  of  Appendix  A. 
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B.  liniergency  Spillway: 

The  emergency  spillway  is  in  good  condition.  It 
measures  20  ft  in  width  with  3  !!:  IV  side  slopes.  The  base 
and  side  slopes  of  the  emergency  spillway  are  grass  covered. 

No  erosion  was  noted  and  it  appears  that  the  emergency 
spillway  has  never  been  used. 

3.3  RESERVOIR  AND  WAThRSHliD : 

The  immediate  periphery  of  the  lake  was  grass  covered 
with  moderate  slopes.  No  sloughing  or  serious  erosion  of 
reservoir  banks  were  noted. 

The  lake  has  apparently  never  filled.  The  apparent 
high  water  mark  is  at  elevation  766,  which  is  11  ft  below 
the  primary  spillway  crest  (primary  spillway  crest  at 
elevation  777. 0)  . 

3.4  EVALUATION: 

Small  tree  growths  noted  on  the  front  face  of  the  dam 
should  be  removed  and  all  future  growth  should  be  removed  on 
a  yearly  basis.  Grass  should  be  cut  around  the  primary 
spillway  crest.  lixcessive  growths  in  this  area  could  cause 
entrance  restrictions.  Visually  observed  erosional  areas 
and  animal  burrows  arc  deficiencies  which,  if  left  un¬ 
controlled  or  uncorrected,  could  lead  to  serious  problems  in 
the  future.  These  deficiencies  should  be  able  to  be  corrected 
by  normally  scheduled  routine  maintenance. 

Photographs  of  the  dam,  appurtenant  structures,  and  the 
reservoir  and  watershed  are  presented  in  Appendix  I). 
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SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES: 


There  are  no  controlled  outlet  works  for  this  dam; 
therefore,  no  regulating  procedures  exist.  The  pool  is 
controlled  by  rainfall,  runoff,  evaporation  and  the  ca¬ 
pacities  of  the  uncontrolled  spillways. 

4.2  MAINTENANCE  OF  DAM: 

Maintenance  in  terms  of  tree  and  brush  removal  and 
mowing  of  the  grass  is  apparently  the  responsibility  of  the 
land  owner.  A  yearly  questionnaire  is  sent  to  land  owners 
inquring  as  to  maintenance  problems.  Inspection  stops  are 
reported  to  be  made  on  an  irregular  basis  by  SCS  regional 
personnel . 

4.3  MAINTENANCE  OP  OPERATING  FACILITIES: 

No  operating  facilities  exist  at  this  dam. 

4.4  DESCRIPTION  OP  ANY  WARNING  SYSTEM  AND  AFPECT: 

The  inspection  team  is  unaware  of  any  existing  warning 
system  for  this  dam. 

4.5  EVALUATION: 


Tree  and  brush  growth  should  be  removed  from  the  dam  on 
a  yearly  basis.  Animal  burrows  or  other  holes  in  the  dam 
should  be  filled.  Erosional  areas  at  abutment-dam  contacts 
should  be  repaired.  The  use  of  riprap  to  prevent  future 
erosion  in  these  areas  is  a  possibility. 
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SUCTION  5  -  llYDRAUb  I C/IIYDROLOGI C 


5.1  EVALUATION  OR  FFATURFS: 

A.  Design  and  experience  Data: 

Design  data  used  by  the  Soil  Conservation  Service  to 
design  this  dam  are  shown  on  the  As-Built  plans  and  pre¬ 
sented  as  Sheets  10  through  12  of  Appendix  B  of  this  report. 
Based  on  this  information,  a  field  check  of  spillway  dimen¬ 
sions  and  embankment  elevations,  and  a  check  of  the  pool  and 
drainage  areas  from  U.S.G.S.  quad  sheets  (Bates  City  Missouri 
and  Camden,  Missouri  quad  sheets),  a  hydrologic  analysis 
using  U.S.  Army  Corps  of  engineers  guidelines  was  performed 
and  appears  in  Appendix  C,  Sheets  1  to  7. 

B.  Visual  Observations  : 

The  riser  structure  and  outlet  pipe  for  the  primary 
spillway  appear  in  good  condition.  A  small  flow  from  the 
outlet  pipe  (lake  level  below  spillway  crest)  indicates  the 
possibility  of  some  pipe  joint  leakage.  The  earth  and  grass 
covered  emergency  spillway  is  in  good  condition.  Neither 
the  primary  nor  the  emergency  spillway  have  apparently  ever 
been  used. 

No  facilities  are  available  to  draw  down  the  pool.  The 
primary  spillway  is  located  near  the  center  of  the  dam  and 
tiie  emergency  spillway  is  located  on  the  north  abutment. 
Spillway  releases  would  not  be  expected  to  endanger  the 
integrity  of  the  dam. 

C.  Overtopping  Potential  : 

Based  on  the  hydrologic  and  hydraulic  analysis  as 
presented  in  Appendix  C,  the  combined  primary  and  emergency 
spillways  will  not  pass  the  Probable  Maximum  Flood  without 
overtopping.  The  Probable  Maximum  Flood  (PMF)  is  defined  as 
the  flood  discharge  that  may  be  expected  from  the  most 
severe  combination  of  critical  meterologic  and  hydrologic 
conditions  that  are  reasonably  possible  in  the  region.  The 
recommended  guidelines  from  the  Department  of  the  Army, 

Office  of  the  Chief  of  engineers,  require  that  this  structure 
( in termed iatc  size  with  high  downstream  hazard  potential) 
pass  100  percent  of  t he  PMF,  without  overtopping.  The  routing 
of  the  PMF  through  the  spillways  and  Dam,  indicated  that  the 
Dam  will  be  overtopped  by  1.17  ft  at  reservoir  elevation 
785.97.  The  duration  of  the  overtopping  will  be  5.17  hrs. 
and  the  maximum  outflow  2522  cfs.  Fifty  percent  of  the  PMF 


was  also  routed  through  the  spillways,  resulting  in  a 
maximum  reservoir  elevation  of  782.68,  0.12  ft  below  the 
lowest  elevation  of  the  dam  (782.8).  The  peak  outflow  was 
319  cfs.  The  portion  of  the  PMP  that  will  just  reach  the 
top  of  the  dam  is  about  54  percent.  The  spillway  system 
will  be  able  to  pass  the  100  year  frequency  flood  without 
overtopping. 


Slid  I  ON  6 


STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY: 

A.  Visual  Observations: 

No  serious  deficiencies  which  would  affect  the  struc¬ 
tural  stability  of  this  dam  were  noted  during  the  field 
inspection.  However,  if  left  unchecked,  tree  growth,  animal 
burrows  and  the  erosion  at  abutment-dam  contact  areas  could 
cause  stability  problems  in  the  future.  The  possibility  of 
some  joint  leakage  in  the  primary  spillway  outlet  pipe 
should  be  periodically  checked  and  investigated  if  it 
increases . 

B.  Design  and  Construction  Data: 

Stability  analyses  were  performed  by  the  Soil  Con¬ 
servation  Service  and  recommendations  were  made  regarding 
side  slopes,  berm  widths  and  compaction  densities  (see 
Sheets  6  through  n  of  Appendix  B) .  Our  site  inspection 
indicated  that  the  side  slopes  and  berm  widths  were  as 
recommended.  If  the  embankment  was  placed  in  relatively 
thin  lifts  at  the  recommended  density  of  95  percent  of  the 
Standard  Proctor  maximum  dry  density  (no  laboratory  testing 
records  available  to  verify  this)  ,  then  the  embankment 
should  remain  stable.  A  seepage  analysis  comparable  to  the 
requirements  of  tiie  guidelines  was  not  available  which  is 
considered  a  deficiency  and  should  be  corrected. 

C_. _ Operating  Records : 

No  appurtenant  structures  requiring  operation  exist  at 
this  dam. 

D.  Post -Cons t rue t ion  Changes  : 

To  our  knowledge,  no  pos t -const rue t ion  changes  have 
been  made. 

L.  Seismic  S tab \ 1 i ty : 

Considering  the  seismic  zone  (1)  in  which  this  dam  is 
located,  an  earthquake  of  this  magnitude  is  not  expected  to 
cause  a  structural  failure  to  this  dam. 
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SECTION  7  -  ASSESSMENT/ REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT: 


A.  General: 

This  Phase  I  inspection  and  evaluation  should  not  be 
considered  as  being  comprehensive  since  the  scope  of  work 
contracted  for  is  far  less  detailed  than  would  be  required 
for  an  in-depth  evaluation  of  dams.  Latent  deficiencies, 
which  might  be  detected  by  a  totally  comprehensive  inves¬ 
tigation,  could  exist. 

B.  Safety: 

The  embankment  itself  is  generally  in  good  condition. 

A  seepage  analysis  comparable  to  the  requirements  of  the 
guidelines  was  not  available,  which  is  considered  a  deficiency 
and  should  be  corrected.  The  possibility  of  some  joint 
leakage  in  the  primary  spillway  outlet  pipe  should  be 
investigated.  Also,  the  minor  items  which  have  been  noted 
previously  such  as  tree  growth,  animal  burrows  and  abutment - 
dam  contact  erosion  areas  can  and  should  be  corrected  and 
controlled. 

The  dam  will  be  overtopped  by  flows  in  excess  of  54 
percent  of  the  Probable  Maximum  Flood.  Overtopping  of  an 
earthen  embankment  could  cause  serious  erosion  and  could 
possibly  lead  to  failure  of  the  structure. 

C.  Adequacy  of  Information  : 

The  conclusions  in  this  report  were  based  on  review  of 
the  As-Built  plans,  the  geologic  and  soil  mechanics  report 
prepared  by  the  Soil  Conservation  Service,  the  performance 
history  as  related  by  others,  and  visual  observation  of 
external  conditions.  The  inspection  team  considers  that 
these  data  are  sufficient  to  support  the  conclusions  herein. 

D.  Urgency: 

The  remedial  measures  recommended  in  paragraph  7.3 
should  be  accomplished  in  the  near  future.  If  the  minor 
deficiencies  listed  in  paragraph  B  arc  not  corrected  and  if 
good  maintenance  is  not  provided,  the  embankment  condition 
will  continue  to  deteriorate  and  it  could  become  serious  in 
the  future. 
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F.  Necessity  for  Phase  1  I  : 

Based  on  the  results  of  the  Phase  I  inspection,  no  Phase 
II  inspection  is  recommended. 

F.  Seismic  Stability: 

This  dam  is  located  in  Seismic  Zone  1.  An  earthquake 
of  this  magnitude  is  not  expected  to  be  hazardous  to  this 
dam . 

7.2  FURTHER  INVESTIGATIONS : 

A.  Reservoir: 

As  mentioned  previously  this  lake  has  never  filled. 
Conversations  with  the  state  geologist  have  indicated  that 
at  least  one  lake  in  the  area  has  apparently  been  leaking 
through  abandoned  mine  shafts.  However,  the  land,  owner  and 
a  former  mine  operator  in  the  area  have  indicated  that  they 
do  not  believe  that  lake  C-23  is  undermined.  Thus,  the  fact 
that  the  lake  lias  never  filled  is  probably  not  due  to 
leakage  through  abandoned  mine  shafts. 

It  is  also  possible  that  leakage  could  be  occurring 
through  the  underlying  sand  lenses  encountered  in  the 
borings.  No  seapage  was  noted  in  the  area  immediately 
downstream  of  the  dam.  However,  deeper  substratum  leakage 
into  adjacent  watersheds  or  lakes  is  a  possibility,  although 
somewhat  remote  due  to  the  long  distances  involved.  It 
should  be  noted  in  this  regard  that  tiie  pool  elevation  of 
lake  C-23  was  essentially  the  same  as  the  pool  elevation  of 
lake  A-21  fin  an  adjacent  watershed- -was  inspected  the 
following  day).  It  is  suggested  that  the  possibility  of 
leakage  through  sand  layers  be  investigated  further. 

B .  _ Outlet  Pip e  : 

A  very  small  amount  of  water  was  exiting  from  the 
outlet  pipe  on  the  day  of  the  inspection.  The  source  of  the 
water  could  not  be  explained  since  the  spillway  was  not 
flowing.  The  possibility  of  some  joint  leakage  is  sug¬ 
gested.  Although  apparently  not  serious  at  this  time,  this 
condition  should  be  evaluated  by  local  maintenance  per¬ 
sonnel  . 


7.3  RliMLDIAL  Ml-ASURliS: 


The  following  remedial  measures  and  maintenance  proce¬ 
dures  are  recommended  and  should  be  performed  under  the 
guidance  of  a  professional  engineer  experienced  in  the  design 
and  construction  of  dams. 

(1)  Spillway  size  and/or  height  of  dam  should  be  increased 
to  pass  the  PMF.  In  either  case,  the  spillway  should  be 
protected  to  prevent  erosion. 

(2)  A  seepage  analysis  comparable  to  the  requirements  of  the 
guidelines  was  not  available,  which  is  considered  a 
deficiency  and  should  be  corrected. 

(3)  Remove  existing  tree  growth  on  the  upstream  face  of  the 
dam  and  remove  all  future  tree  and  brush  growth  on  a 
yearly  basis.  Cut  the  high  grass  around  the  primary 
spillway  to  prevent  restrictions. 

(4)  Fill  the  animal  burrow.  Correct  the  minor  erosion 
activity  at  the  embankment -abutment  contact  on  the 
downstream  side  of  the  dam  and  place  riprap  in  these 
areas  to  minimize  erosion  in  the  future. 

(5)  Check  the  downstream  slope  periodically  for  seepage  and 
stability  problems.  If  wet  areas  or  seepage  flows  are 
observed,  or  if  sloughing  is  noted,  then  the  dam  should 
be  inspected  and  the  situation  evaluated  by  an  engineer 
experienced  in  design  and  construction  of  dams. 

(6)  A  detailed  inspection  of  the  dam  should  be  made  at 
least  every  5  years  by  and  engineer  experienced  in  the 
design  and  construction  of  dams.  More  frequent  inspec¬ 
tions  may  be  required  if  slides,  seeps,  or  other  items 
of  distress  are  observed. 
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DETAILED  GEOLOGIC  INVESTIGATION  OF  DAM  SITES 

GENERAL 

HQjlinjton- 

. County  Lafayette  : _ *,  k,  sot.  20_,  t  &H_  r  25W .  worthed  Kagoleon _ 


.  Fund  class  JuP_r'-  JrlQ. _ /Sitt  numbor  C-21  "i  Siti  group  , 

(FP-2,  WP1,  lie.) 


.  Structure  class 


(signature  and  title) 


i  Equipment  used  . 


(Type,  si/e,  make,  model,  etc.) 


SITE  DATA 

Stabilization ,  Sedinont, 

Drainage  area  size  «23  iq.  mi., _  lUft  acres.  Type  of  structure  PI  2U"Ru _ Purpose  Dotctltion _ 

Direction  of  valley  trend  (downstream) _ SW _ .  Maximum  height  of  till  h9 _ feet.  Length  of  fill _  U9Q  _  feat. 


Estimated  volume  of  compacted  fill  required  . 


Sediment 


rioodweter 


Volume  (ac.  ft.) 

160.0 


.^Maximum  height  of  till  us •  Z 
_ 30^000 _ yards 

STORAGE  ALLOCATION 

Surface  Area  (teres) 

12.8 


.feet.  Length  of  fill. 


Depth  at  Dem  (feet) 

16. 0 


SURFACE  GEOLOGY  AND  FHYSIOGRAPHY 

Physiographic  description  Mq.  RlVCr  LOOSO  Hillh  Topography  Attitude  of  beds:  Dip  ~**  Strike  **“ 

Steepness  of  ebutments:  Left.  ..percent;  Right _ ^  _  percent.  Width  of  floodplain  at  centerline  of  dam _ Q _ 


_ ■ Mi  _  percent.  Width  of  floodplain  at  centerline  of  dam. 

in  the  loose  hilla  approxiaately  3 


eanorai  geology  of  site:  'lho  si  to  is  locaica  xn  hr,o  J.00S3  axLm  a?proraaaTe.Ly  p/q  olio  froo  the 

and  is  in  an  area  underlain  with  bedrock  of  tho  Upper  Dcoaoin- 


oaian  Series  of  the  Pennsylvanian  System  which  ore  characterised  as  cyclio 


and  ehai 
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MURE  Cpnf.ArHnn  nf  Dryn,  Pri no (pal  Spillway,  Dr>rrow  Arna 


I 


(Centerline  of  Dim,  Principal  Spillway,  Emergency  Spillway,  the  Stream  Channel,  Investigations  for  Drainage  of  Structure,  Borrow  Area,  Reservoir  Basin,  ate.) 

DRILLING  PROGRAM 

Number  of  Samples  Tafcen 

Undisturbed  Disturbed 

(state  type)  Urge  Small 


Equipment  Used 


Number  of  Holes 
Exploration  Sampling 


Sp.T 

h 

_ Ttitaa  3" 

_ l 

Urge 

1  L.Bag 


Total 


■.Jg-SfifllPX 


20  Jar 


20 


SUMMARY  OF  FINDINGS 

(Include  only  factual  data) 

The  abutments  nr a  deep  loess.  The  material  bolow  tha  developed  soil  profile  is  cl03S 


lfled  CL  except  for  material  classified  ML  in  teat  holo  3  fraa  11  to  Id  feet.  Blow  counts  • 


f.n  thn  loeaa  rangr.d  from  to  1G»  Thn  foundation  of  the  principal  spillway  X3  medium 


to  atiff  .alluvium  classified  11L._  Sand  classified  SP  «aa.  cnctunterraLin  teal  hfila  3. 


end  5  and  algo  occurs  at  a  relatively  uniform  elevation  and  tlildcneas  in  tc3t  I  to Lea 


301  and  302.  The  weakest  material  of  tho  foun.'ation  had  a  blow  coantm  of  2»g  in  tc3t 


holo  5.  Tho  aaorgcncy  spillway  cuts  will  be  in  tho  loosa  ooil.  Tho  channel  is  active 


and  cutting.  Thera  la  sufficient  borrow  a /al  labia  witlun  500  foot  of  the  center lino  of 
■the  dan  > - - - : _ : _ 


__ — t 
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I  INTERPRETATIONS  AND  CONCLUSIONS 

(The  soft  Loess  in  test  hole  5  is  unusual  for  the  locs3  in  this  area.  There  was 
poor  recovery  on  the  sample  and  some  doubt  as  to  the  vaLidity  of  the  blew  count. 
Uhdisturbed  samp Los  were  taken  of  the  weakest  material  in  the  foundation  of  the 

I  principal  spillway.  Tho  sand  in  test  hoLes  3  and  f>  is  interpeted  as  pockets  or  lcn3 
and  as  a  stratum  occurring  at  relatively  uniform  eLevation  and  thickness  beneath  the 
principal  spillway.  Thin  natcriaL  had  a  blow  count  cf  3  in  tost  holes  30L  and  302  and  is 

1  permeable.  The  sand  is  unuer Lain  with  stiff  CK.  There  is  an  area  of  slopewash 
classified  ML  on  both  gully  banks. 

IBnorgency  spillway  cuts  aro  shallow  and  in  loc3S  soil  and  was  not  drilled  or  sampled. 
Tho  citannel  in  active  and  has  l  to  2  feet  of  soft  channeL  filL  principally  at  the  sides  of 
the  channel.  All  borrew  will  be  tho  loc33  soiL.  Since  this  material  is  uniform  in 
texture  and  dopth,  it  was  folt  that  one  borrow  sample  was  sufficient. 

*  There  is  an  estimated  37,000  cubic  yards  of  compacted  fiLl  available  bolow  the 
crest  elevation  of  the  principal  spillway  within  500  feet  of  tho  centerline  of  the 
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UNITED  STATES  GOVERNMENT 

Memorandum 


TO  : James  M.  Dale,  State  Conservation  Engineer,  date:  October  14,  1 966 

•  SCS,  Columbia,  Missouri  652OI 

from  :  Roland  B.  Philips,  Acting  Head,  Soil  Mechanics  Unit, 

SCS,  Lincoln,  Nebraska  68508 

subject:  jjjjq  22-5,  Missouri  WP-08,  Wellington-Napoleon  Site  C-23  (Lafayette  County) 


ATTACHMENTS 

1.  Form  SCS-354,  Soil  Mechanics  Laboratory  Data,  4  sheets. 

2.  Form  SCS-128  and  128a,  Consolidation  Test,  4  sheets. 

3.  Form  SCS-127,  Permeability  Test,  1  sheet. 

4.  Form  SCS-355A,  Triaxial  Shear  Test,  2  sheets. 

5.  Form  SCS-352,  Compaction  and  Penetration  Resistance,  1' sheet. 
.6.  Form  SCS-357,  Summary  -  Slope  Stability,  3  sheets. 


DISCUSSION 


FOUNDATION 


A.  Classification:  The  loess  and  loess  derived  alluvial  materials  that 
blanket  the  site  to  depths  of  30  feet  or  more  classify  generally  as 
low  plasticity  CL  and  ML  materials  with  approximately  85$  fires. 

A  sandy  layer  underlies  the  floodplain  materials  at  the  30-foot  depth. 

A  sample  of  the  deep  sandy  material,  67W381  (3*4),  contained  16$  fines, 
94^  sand  and  11$  finer  than  the  2  micron  size  clay.  The  deep  sandy 
samples  67W370  (3OI.5)  and  67W377  (302-5)  class  as  SP-SM  materials  with 
9  and  12$  fines. 

B.  Dry  Unit  Weight:  Core  opening  dry  density  of  the  shallowest  core 
sample  67W37I  (301.6)  was  1.49  gm/cc;  however,  the  consolidation  test 
specimen  had  an  initial  dry  density  of  only  1.22  gm/cc  and  the  shear 
test  specimens  of  sample  67W37I  had  an  average  dry  density  of  only 
1.34  gm/cc. 

The  deeper  core  sample,  67W372  ( 301.7),  from  the  18  to  19.5-foot  depths 
had  a  core  opening  dry  density  of  1.48  gm/cc. 

Blow  count  for  the  deeper  material  was  5  blows  per  foot.  The  material 
at  the  30-foot  depth  and  below  had  blow  count  of  9  blows  per  foot. 

The  loess  material  of  the  abutments  was  fairly  moist  but  was  above  the 
permanent  water  table.  It  had  blow  count  generally  in  the  range  of  5 
to  8  blows/foot. 
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Consolidation:  A  one-dimensional  consolidation  test  vas  made  on  the 

■shallow  CL  alluvial  sample  6JW371  ( 301-6) .  The  sample  had  an  initial 
dry  density  of  only  1.22  gm/cc  and  contained  only  10.3$  moisture.  The 
sample  was  loaded  to  *>000  psf  at  natural  moisture  and  then  saturated 
under  load  to  determine  the  extent  of  the  rapid  consolidation  that 
usually  occurs  when  a  dry  low  density  silt  material  is  saturated  under 
load.  The  sample  consolidated  11$  (from  2  to  13$)  when  saturated 
under  a  4000  psf  load.  Approximately  15$  total  consolidation  was 
obtained  from  the  5000  psf  load  which  is  the  equivalent  loading  of 
the  proposed  embankment  with  a  top  elevation  of  782.5* 

The  alluvium  from  10  to  22  feet  in  test  hole  No.  301,  which  had  a  blow 
count'  of  5  blows  per  foot,  is  expected  to  have  a  consolidation  potential 
of  approximately  4$  based  on  a  comparison  with  the  consolidation  tests 
from  sites  C-21  and  C-22. 

The  9  and  10  blow  count  CL  materials  below  22  feet  are  estimated  to 
have  a  consolidation  potential  of  2$  under  the  proposed  40-foot  high 
embankment . 

Permeability:  A  falling  head  permeability  test  was  made  on  the  low 
density  consolidation  test  specimen  during  the  consolidation  testing. 

A  semi-log  plot  of  the  void  ratio  versus  permeability  gives  a  normal 
straight  line.  Extrapolation  of  the  plot  to  the  starting  void  ratio 
shows  a  permeability  rate  of  approximately  2  ft/day  for  the  material 
at  its  initial  density.  The  specimen  had  a  permeability  rate  of  0.05 
ft/day  under  the  4000  psf  loading  at  a  density  of  1.4l  gm/cc. 

The  permeability  of  the  higher  blow  count  (n  =  9)  CL  material  is 
expected  to  be  approximately  0.001  ft/day.  Permeability  of  the  deep 
underlying  SP-SM  materials  is  estimated  at  10  ft/day.  (From  Slichter's  . 

permeability  charts  in  "Low  Dam") 

.Uplift  appears  to  present  a  problem  in  the  outlet  channel  area.  Cal¬ 
culations  based  on  a  20-foot  blanket  under  the  channel  (Kb  =  .001  ft/day).  | 
over  a  10-foot  aquifer(Kf  =  10  ft/day)  show  a  safety  factor  less  than  1.0 
if  relief  is  not  provided.  A  deeply  eroded  plunge  basin  could  easily 
reduce  the  20-foot  blanket  thickness  and  blowout  or  boils  would  occur  as 
the  permanent  water  table  is  near  the  top  of  the  dam  in  this  grade  con¬ 
trol  structure.  A  relief  well  on  each  side  of  the  principal  spillway  at 
c/b  =  0.8  would  effectively  relieve  the  uplift  pressure. 


V 
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3  —  James  M.  dale  --  10/1 4/66 
Roland  B.  Phillips 

Subj:  ENG  22-5,  Missouri  WP-O0,  Wellington-Napolean,  Site  C-23 


E.  Shear  Strength:  A  consolidated,  undrained  triaxial  shear  test  on  the 
low  density  CL  sample,  67W371  (301-6)  gave  saturated  total  stress 
shear  parameters  of  0  =  20.5°,  c  =  1*25  psf. 

Hie  deeper,  more  dense  foundation  materials  are  expected  to  be  as 
strong  or  stronger  than  the  shallow  sample,  67W371  (301 -6). 

EMBANKMENT 

A.  Classification:  The  only  borrow  sample  submitted,  67W387  (102.1), 
was  a  moderately  plastic  CL  material  with  93$  fines  and  2k%  smaller 
than  the  2  micron  size. 

B.  Compacted  Dry  Density:  Standard  Proctor  compaction  (ASTM  D-698) 
yielded  a  maximum  dry  density  of  103-5  pcf  with  an  optimum  moisture 
content  of  19-0$. 

C.  Shear  Strength:  A  consolidated,  undrained  triaxial  shear  test  on 
remolded  specimens  of  Sample  67W387  (102. l)  at  dry  densities  of 
approximately  93$  of  standard  (98.6  pcf)  gave  saturated  total  stress 
shear  parameters  of  0  =  10°  and  c  =  1150  psf. 

D.  Consolidation:  An  average  consolidation  potential  of  2$  is  estimated 
for  the  l*0-foot  high  embankment  across  the  floodplain. 

STABILITY  ANALYSIS 

A  modified  Swedish  circle  method  of  analysis  was  used  to  analyze  the 
embankment  stability.  Shear  parameters  of  0  =  10®  and  c  =  1150  psf  were 
used  to  represent  the  shear  strength  of  the  embankment  and  parameters 
of  0  =  20.5°  and  c  =  1*25  psl’  were  used  to  represent  the  foundation.  The 
foundation  parameters  of  0  =  20. 5 0  and  c  =  1*25  psf  from  the  shallow 
sample,  67W371,  are  rather  low  for  the  full  22  feet  of  foundation  cut  by 
the  arcs  in  the  floodplain  section;  however,  satisfactory  safety  factors 
were  obtained  for  the  proposed  design  using  the  low  values  so  further 
refinement  is  not  necessary. 

A  safety  factor  of  1.1*1  was  obtained  for  the  2  l/2:l  upstream  slope  of 
the  maximum  section  with  a  10-foot  berm  at  elevation  778.0  (see  trial 
No.  1  in  the  slope  stability  summary  in  the  attachments) .  The  downstream 
2  l/2:l  slope  without  a  drain  but  with  a  berm  at  elevation  ^GO  gave  a 
safety  factor  of  1.71  for  the  l*9-5-f°ot  high  maximum  section  of  the 
proposed  Class  "B"  structure. 
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4  —  James  M.  bale  —  10/l4/66 
Roland  B.  Phillips 

Subj:  ENG  22-5j  Missouri  WP-03,  Wellington-Napolean,  Site  C-23 


RECOMMENDATIONS 


A.  Site  Preparation:  Removal  of  8  feet  of  the  low  density  surface  allu¬ 
vium  in  the  gully  on  each  side  of  the  present  channel  is  recommended 
to  reduce  the  horizontal  strain  on  the  conduit. 

/Z' 

B.  Centerline  Cutoff:  A  normal  width  (10' )  cutoff  approximately  5  feet 
deep  is  recommended  to  penetrate  the  zone  of  surface  weathering  and 
slope  wash  materials.  Side  slopes  of  1:1  are  adequate  for  the  cutoff 
trench.  Baskfill  with  CL  borrow  material  compacted  to  95$  of  standard. 

C.  Principal  Spillway:  Pipe  elongation  calculations  for  t  station  3+50 
based  on  25  feet  of  compressible  foundation  (with  8  feet  of  the  low 
density  surface  material  removed)  with  an  average  consolidation 
potential  of  4.0$  show  a  horizontal  strain  of  approximately  0.01  ft/ft 
for  a  45- foot  high  embankment. 

A  0  angle  of  25  is  recommended  for  conduit  loading  calculations. 

Backfill  with  CL  material  compacted  to  a  minimum  density  of  95$  of 
standard. 

D.  Drainage :  Relief  wells  at  c/b  =  0.8  on  each  side  of  the  principal 
spillway  are  recommended  to  penetrate  the  sand  layer  at  elevation 
712  to  relieve  uplift  pressures  in  the  plunge  basin  to  avoid  blow¬ 
out  or  "boils" . 

E.  Embankment  Design:  The  following  are  recommended: 

1.  Place  the  CL  borrow  materials  in  a  homogeneous  embankment  at  a 
minimum  density  of  95$  of  standard.  Place  materials  at  a  moist¬ 
ure  content  on  the  wet  side  of  optimum. 

2.  Provide  2  l/2:l  embankment  slopes  both  upstream  and  downstream. 

3.  Provide  a  10-foot  upstream  berm  at  elevation  778.0,  and  a  15-foot 
downstream  berm  at  elevation  760.0. 

4.  Provide  an  overfill  of  2.0  feet  across  the  floodplain  of  the  gully 
from  station  3+00  to  station  4+50  to  compensate  for  residual 
foundation  and  embankment  settlement. 


Prepared  by: 

S£lLl 

Attachments  Edgar P7  Steele 

cc: 

James  M.  Dale  (2)  E.  S.  Ailing 
Project  Engineer  D.  S.  McVicker 
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HYDRAULIC  AND  HYDROLOGIC  DATA 


DLSIGN  DATA:  From  As  Built  Plans  and  Field  Measurements 

FXPLRIENCF  DATA:  No  records  are  available.  The  owner 
stated  that  to  his  knowledge  the  lake  has  never  filled.  The 
apparent  high  water  mark  is  at  elevation  766,  which  is  10.3  ft 
below  the  primary  spillway  crest  of  776.3  ft. 

VISUAL  INSPECTION:  At  the  time  of  inspection,  the  pool  clcva- 
was  761.7,  which  is  about  14.6  ft  below  the  primary  spillway 
crest . 

OVERTOPPING  POTENTIAL:  Flood  routings  were  performed  to 
determine  the  overtopping  potential.  Since  the  dam  is  of 
intermediate  size  with  a  high  hazard  rating,  a  Spillway 
Design  Storm  of  100  percent  of  the  PMF  was  prescribed  by  the 
guidelines.  The  Probable  Maximum  Flood  (PMF)  is  defined  as 
the  flood  discharge  that  may  be  expected  from  the  most  severe 
combination  of  critical  meteorologic  and  hydrologic  condi¬ 
tions  that  are  reasonably  possible  in  the  region.  Reservoir 
area  and  storage  data  and  the  watershed  drainage  data  were 
obtained  from  the  As-Built  plans.  A  S  minute  interval  unit 
graph  was  developed  for  this  watershed  area  which  resulted 
in  a  peak  inflow  of  745  c.f.s.  and  a  time  to  peak  of  10 
minutes.  Application  of  the  probable  maximum  precipitation 
minus  losses  resulted  in  a  flood  hydrograph  peak  inflow  of 
3202  c.f.s.  (see  Sheet  5  of  7).  Rainfall  distribution  for 
the  24  hour  storm  was  according  to  EM  1 110-2-1411.  Con¬ 
sidering  all  factors,  the  combination  of  dam,  spillway  and 
storage  is  not  sufficient  to  pass  the  PMF  without  overtopping. 
The  embankment  crest  (F.l.  78  2.8)  would  be  overtopped  by 
1.17  ft  at  flood  pool  elevation  783.97. 

Fifty  percent  of  the  PMF  was  routed  through  the  spill¬ 
ways.  The  resultant  maximum  pool  elevation  was  782.68,  0.12 
ft  below  the  low  elevation  of  the  dam  (782.8  ft).  The  peak 
outflow  was  319  c.f.s.  The  portion  of  the  PMF  that  will 
just  reach  the  top  of  the  dam  at  elevation  782.8  ft  is  about 
0.54.  The  existing  spillway  system  will  be  able  to  pass  the 
100  year  frequency  flood  without  overtopping.  For  additional 
data  see  Summary  of  Dam  Safety  Analysis  Sheets  3  and  4  of 
this  Appendix. 
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OVERTOPPING  ANALYSIS  FOR  Dam  C-23 


INPUT  PARAMETERS 

1.  Unit  Ilydrograph  -  SCS  Dimensionless  -  Flood  Ilydrograph 

Package  (HLC-1)  ;  Dam  Safety  Version 
Was  Used. 

Hydraulic  Inputs  Are  As  Follows: 

a.  Twenty-four  Hour  Rainfall  of  2_5  Inches 
For  200  Square  Miles  -  All  Season  Envelope 

b.  Drainage  Area  =  146  Acres;  =  , 2 3  Sq.  Miles 


c.  Travel  Time  of  Runoff  .  16  firs.  ;  Lag  Time  0 .  1  llrs. 


d.  Soil  Conservation  Service  Runoff  Curve  No.  8_5 
(AMC  III) 

e.  Proportion  of  Drainage  Basin  Impervious  0.08 
2.  Spillways 

a.  Primary  Spillway:  Drop  Inlet  Concrete  Structure 
(Crest  FI.  776.3)  with  24  in.  diameter  RCP  Pipe 

b.  Emergency  Spillway:  Trapezoidal  Cut -seeded 
(Crest  El.  770.6) 

Length  20  Ft.;  Side  Slopes  3:1;  C  =  2.65 


c.  Dam  Overflow 

Length  50  0  Ft.;  Side  Slopes  vertical ;  C  =  3 . 0 


Note:  Combined  Spillway  and  Dam  Rating  Curve  Computed 

by  Hanson  Engineers.  Data  Provided  To  Computer  on 
Y4  and  Y5  Cards. 

SUMMARY  OF  DAM  SAFETY  ANALYSIS 


L.  Unit  Ilydrograph 

a.  Peak  -  74  5_  c.  f.s  . 

b.  Time  to  Peak  10  Min. 


Sheet  3  Appendix  C 


Flood  Routings  Were  Computed  by  the  Modified  Puls  Method 


a.  Peak  Inflow  (see  Sheet  5) 

50 °6  PMF  1601  c.f.s.;  1001,  PMF  3202  c.f.s. 

b.  Maximum  Reservoir  elevation 

50 *  PMF  782.68;  100$  PMF  783.97  c.f.s. 

c.  Portion  of  PMF  That  Will  Reach  Top  of  Dam 
54 % ;  Top  of  Dam  Lilev.  782.8  Ft. 

Computer  Input  and  Output  Data  Sheets  6  and  7 
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Top  of  Ham  Along  Axis  -  From  North  Abutment 


Primary  Spillway  Outlet  -  booking  Pownstrcam 
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